I. Introduction
The complex structure and behavior of Leveraged and Inverse Exchange Traded Funds (LETFs) have raised important questions about their implications for financial stability.
LETFs are exchange-traded products that typically promise multiples of daily index returns. Generating multiples of daily index returns gives rise to two important characteristics of LETFs that are similar to the portfolio insurance strategies that are thought to have contibuted to the stock market crash of October 19, 1987 (Brady Report, 1988 .
(1) LETFs rebalance their portfolio daily by trading in the same direction as the changes in the underlying index, buying when the index increases and selling when the index decreases. (2) This rebalancing requirement of LETFs is predictable and may attract anticipatory trading. Portfolio insurance strategies were commonly used by asset managers in the 1980s and their use reportedly declined after the stock market crash of 1987.
Portfolio insurance is a dynamic trading strategy, which synthetically replicates options to protect investor portfolios. Synthetic replication of options requires buying in a rising market and selling in a declining market. Rather than buying and selling stocks as the market moves, portfolio insurers generally traded index futures. The Brady Report (1988) suggests that portfolio insurance related selling accounted for a significant fraction of the selling volume on October 19, 1987 . The report also notes that "aggressiveoriented institutions" sold in anticipation of the portfolio insurance trades. This selling, in turn, stimulated further reactive selling by portfolio insurers. Price-insensitive and predictable trading of portfolio insurers contibuted to the price decline of 29% in S&P 500 futures through a selling "cascade". This paper studies the impact of equity LETFs on various stock categories while emphasizing their implications for financial stability and similarities with portfolio insurance strategies. Promising a certain multiple of daily index return induces LETFs to rebalance their portfolios daily to maintain their target stock-to-cash ratios. Rebalancing demand of a LETF can be derived from a simple formula, which dictates the LETF to buy when its target index goes up and sell when its target index goes down. Although their rebalancing formulas are more complex, portfolio insurers also trade in the same direction as the market to maintain their stock-to-cash ratios constant. Anectodal evidence suggests that LETFs commonly use swaps and futures contracts to rebalance their portfolios. Swap counterparties of LETFs are likely to hedge their positions in equity spot or futures markets. If LETFs use index futures, index arbitraguers transfer the price pressure from the futures market to the stock market. If the LETFs account for a significant fraction of trading, their rebalancing activity should leave its imprint on the stock indexes they follow.
The size of LETF rebalancing demand varies with their net assets and the multiples of daily index return they promise. Based on net asset value of $20.14 billion as of December 15, 2011, if broad stock-market indexes change by 1%, LETFs rebalancing demand totals $1.04 billion worth of stock. This is roughly 0.84% of daily stock-market volume (excluding the volume of the ETFs and the Depository Receipts) in the United States. Kyle and Obizhaeva (2012) calculate that the portfolio insurers in 1987 would sell $4 billion (4% of stock-plus-derivatives volume) in response to a 4% price decline in the Dow Jones Industrial Average. Although LETFs are not as large as the portfolio insurers were in 1987, LETF rebalancing in response to a large market move, especially in periods of high volatility, could still pose risks. For example, the Flash Crash of May 6, 2010 was triggered by a $4.1 billion (75,000 contracts of E-Mini S&P 500 Futures) sell order, which is equivalent to only 3% of the E-Mini S&P 500 Futures daily volume (CFTC- SEC Report, 2010) . With a large market move, such as 4%, the total rebalancing flows of LETFs could reach this level.
Naturally, LETFs follow different stock-market indexes and the size of their rebalanc-ing differs across stock categories. LETF rebalancing is an important fraction of daily volume, especially in financial and small stocks. For instance, if the Russell 1000 Financial Services Index increases by 1%, the rebalancing demand of LETFs totals roughly 2% of the daily volume for an average financial stock. Furthermore, academic studies (Cheng and Madhavan, 2009; Bai et al., 2012) and anectodal reports 12 suggest that
LETFs rebalance their portfolio in the last hour of trading. Therefore, a large market move could make these stocks vulnerable near the market close, or even before to the extent that opportunistic traders react in anticipation of significant LETF rebalancing.
Although LETF activity is relatively small in some stock categories, LETF rebalancing in the last hour of trading leads to price reaction and extra volatility in all stock categories. For instance, if the S&P 500 index goes up by 1%, LETF rebalancing demand results in a 6.9 basis-point increase in price and a 22.7 basis-point increase in daily volatility in an average large-cap stock. Kyle and Obizhaeva (2012) argue that integration of financial markets results in higher price impact than a collection of isolated markets and suggest that more accurate price impact estimates can be computed from broad stock-market indexes. By implementing Kyle and Obizhaeva (2011a,b) Several papers studied the role of portfolio insurers in the 1987 stock market crash.
Contrary to the Brady Report (1988) , Brennan and Schwartz (1989) Report (2010) concludes that rapid execution of a large sell order triggered the "Flash Crash" 4 . Kyle and Obizhaeva (2012) examine the five stock market crashes, including the 1987 crash, with documented large sells during those events. They show that price declines in those events are similar in magnitude to price impact of large sales suggested by market microstructure invariance (Kyle and Obizhaeva, 2011a,b) . My study extends their work by computing the price impact estimates of LETFs implied by market microstructure invariance.
III. LETF Rebalancing
LETFs typically promise a certain multiple of a daily index return. Producing multiples of daily returns forces LETFs to rebalance their portfolios in response to price movements. Daily rebalancing ensures that LETFs maintain their stock-to-cash ratios at market close. The mechanics of LETF rebalancing can be illustrated in a simple asset allocation setting.
5
An asset allocation problem can be written in the following way:
Asset managers generally invest a certain fraction, δ, of their net assets, W t , into the risky asset (underlying equity index), S t and the rest,(1-δ) into the bond market.
LETFs choose δ consistent with their prospectuses. For example, Leveraged ETFs have δ =2 or 3 while Inverse ETFs have δ =-1,-2 or -3. Assuming interest rate is zero, if the underlying index changes by r, then the investment on the index becomes δ(1 + r)W t and this change is reflected in the size of total portfolio.
Since the LETF is promising δ over the daily return on the index, δ × W t+1 should be invested on the index to maintain a constant stock-to-cash ratio.
The rebalancing amount in response to the size of change r in the index can be calculated as 5 See Cheng and Madhavan (2009) for their derivation of the same rebalancing formula.
It is important to note that when δ ∈ [0,1], the rebalancing amount has the same sign as r, suggesting that both Inverse and Leveraged ETFs rebalance in the same direction as their target indexes and their rebalancing do not cancel each other out. Furthermore, this formula is a function of only the target index change, not its level, making LETF rebalancing insensitive to the price level.
In practice, LETFs do not have to directly trade in the stock market to rebalance their portfolios. The use of derivatives, especially futures and swaps, is believed to be common among LETFs (Cheng and Madhavan, 2009 ). If they trade futures contracts, index arbitraguers will transfer this effect from the futures market to the stock market.
If they enter into a swap aggrement, their counterparty is likely to hedge its exposure and trade in either the futures or the spot market. As a result, regardless of the contracts LETFs trade, their portfolio rebalancing should leave an imprint on the stock indexes they target. Brady Report (1988) notes that portfolio insurers commonly used futures contracts and index arbitraguers propagated these shocks to the stock market, suggesting that the markets for stocks and stock index futures behave as a single integrated market.
More recently, Kirilenko et al. (2011) explains that although the "Flash Crash" of May 6, 2010 was triggered in the futures market, index arbitraguers quickly transmitted this price shock to the stock market.
IV. Data
Data for this study is collected from multiple sources. LETF information is obtained from Morningstar Direct, which provides total net assets, net asset value, shares out- 
V. LETFs and Target Stock-Market Indexes

A. LETF Performance and Rebalancing
LETFs are forced to rebalance daily to avoid tracking errors by maintaining constant stock-to-cash ratios. Low tracking errors can be interpreted as successful portfolio rebalancing. Because LETFs promise certain multiples of daily target index returns, I assess their performance at daily frequency by using the following regression.
The S&P 500, Russell 1000 Financial Services, Russell 2000, Russell MidCap and NASDAQ 100 are used as target indexes for the respective LETF categories defined in Table I . δ j is the multiple LETF j promises. The variables are winsorized at the 1% and 99% levels to remove the effect of outliers. The regression is run for each LETF individually and Table II reports the summary statistics of the regression coefficients and Adj-R 2 's computed within each category. The asset-weighted and equally-weighted means and medians of α are all close to zero. In absolute value, equally-weighted mean of α range from 0.01 basis points for the large category to 3.2 basis points for the financial category. Asset-weighted means of α are lower in absolute value and range from 0.01 for the large category to 1.6 basis points for the small category. Asset-weighted means of β are close to 1 and range from 0.9 for the technology category to 1.03 for the mid-cap category. Similarly, asset-weighted means of R 2 are quite high. These results suggest that LETFs, especially the ones with large net assets, rebalance regularly since they are, on average, successful in delivering multiples of their target indexes at daily frequency.
B. LETF Rebalancing Flows and Underlying Stocks
LETF categories defined in Table I 
C. End-of-Day Price Effects of LETF Flows C.1. Price Reaction of Underlying Stocks
To identify pressure points accross stock categories, it is crucial to understand the impact of LETF rebalancing flows on underlying stocks. End-of-day LETF rebalancing could result in price reaction and extra volatility in those stocks. Other market participants could trade in anticipation of LETF flows, making it impossible to estimate the isolated price impact of LETF flows. However, the net price reaction to LETF rebalancing and anticipatory trades can be estimated.
To estimate the net price reaction to LETF flows, I implement a revised version of the regression specification of Obizhaeva (2009) .
The left hand side of the regression is constructed as a ratio of two variables. Regression R 2 's in this specification range from 0.76% for the technology category to 6.33% for the financial category. Panel B of Table IV reports 
C.2. Price Reversals
In resilient markets, prices revert back after an order is executed especially if the order does not carry information about the fundamental value. The resilence of the market could counteract the late-day price reaction of the LETF rebalancing flows and other anticipatory trades. I implement the following regression to test if prices revert back the next day after the portfolio rebalancing of LETFs.
∆log(P i,15:00 )
The next day's return of stock is defined as the return from today's market close to 15:00 next day, scaled by its daily volaility. Explanatory variables are LETF rebalancing flows and the previous day's returns. Panel A of Table VI 
The left hand side,
, is the square of the return at the close scaled by daily return variance. In the post-crisis period, the coefficient is smaller and goes from 0.71 for small stocks to 1.34 for mid-cap stocks.
VI. LETFs and Integrated Markets
Arbitraguers operate in multiple markets and exploit arbitrage opportunities by taking opposite positions in these markets. Hence, they transmit shocks from one market to another. As a result, market integration leads to faster and more effective transmission of shocks. Kyle and Obizhaeva (2012) argue that if integrated, aggregate stock-market gives more accurate price impact estimates, suggesting that broad stock-market indexes, rather than individual stocks, could be more appopriate for studying the price reaction to LETF flows. I use the price impact formula developed by Kyle and Obizhaeva (2011b,a) to calculate the price reaction of the stock-market indexes in response to LETF flows. Kyle and Obizhaeva (2012) If total LETF rebalancing leads to a price impact equal to or greater than the change in the target index level, it could amplify the target index moves and force LETFs to carry out further rebalancing. As a result, the implied price impact of 1% can be considered a critical level for this analysis. 
VII. Investor Flows into the LETFs
VIII. Conclusion
Contrary to plain vanilla ETFs, LETFs typically rebalance their portfolios daily to maintain their stock-to-cash ratios. Maintaining constant stock-to-cash ratios forces LETFs This table presents the descriptive variables of equity LETFs across different stock index categories. Total net assets are in dollars. Rebalancing flow is the rebalancing amount in dollars if the target index changes by 1%. This table presents the descriptive statistics of the following regression run individually for each LETF.
δ is the multiple of the daily target index return LETF promises to deliver.R j,t is the daily return of LETF j on day t and R Index j,t is the daily target index return on day t. The Russell 1000 Financial Services index is used for the financial LETFs, the S&P 500 index is used for the large LETFs, the Russell Mid-Cap is used for mid-cap LETFs, the Russell 2000 is used for the small LETFs and the Nasdaq 100 is used for the technology LETFs. Asset-weighted means are calculated by weighting the regression statistics with the LETF net assets. Market Cap $10, 910, 080, 286 $22, 337, 193, 312 $4, 897, 070, 865 $652, 436, 240 $22, 027, 084, 120, 855, 466 $21, 234, 404, 621 $4, 502, 949, 167 $550, 360, 745, 187 $203, 309, 377 $60, 552, 960 $7, 312, 225 $303, 993 Market Cap $11, 010, 250, 462 $22, 106, 336, 850 $4, 803, 095, 818 $647, 800, 903 $20, 608, 669, 278, 857, 828 $21, 281, 551, 450 $4, 404, 055, 011 $546, 768, 302, 091 $203, 798, 955 $59, 599, 684 $7, 794, 372 $295, 870 This table presents 
is the return of stock i between 15:00pm(ET) and 16:00pm(ET) scaled by its daily volatility, σ i -the standard deviation of previous 20 days' returns. LET F F low i is the share of stock i from the total LETF rebalancing flow calculated as a function of the target index return between the previous day's close and 15:00pm. ADV i is the past 20 day average dollar trading volume of stock i.
∆log (P (i,15:00) ) σ i is the return of stock i from the previous day's close to 15:00pm scaled by its daily volatility.. Standard errors are clustered daily and reported below the coefficient estimates. 
is the return of stock i between the previous day's close and 15:00pm scaled by its daily volatility, σ ithe standard deviation of its previous 20 days' returns. LET F F low i,t−1 is the one-day lagged share of stock i from the total LETF rebalancing flow calculated as a function of the target index return between the previous day's close and 15:00pm. ADV i,t−1 is the one-day lagged past 20 day average dollar trading volume of stock i.
is one-day lagged return of stock i scaled by its daily volatility. Standard errors are clustered daily and reported below the coefficient estimates. This table presents the results of the following regression. This table presents the daily averages of the variables used in implied price impact computation (Kyle and Obizhaeva, 2011a,b) .
∆log ( ADV is the total daily dollar volume of the member stocks. σ is the standard deviation of the previous 20 days' index returns. λ is 5.78. LETF Flow is the total LETF rebalancing flow in that category in response to a 1% change in the target index.
